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(57) Abstract 

The present invention provides a process that employs both non-selective flotation (16) and oxidative Irarhtng (22) of the resultant 
concentrates (18) to r ec over an increased amount of copper from porphyry c op per ores. The noo -selective flotation (16) uses collectors 
and conditions, such as pH, that are conducive to the strong flotation of sulfide minerals generally. In the oxidative leach (22), the copper 
sulfide minerals in the concentrate fraction (18) are oxidized to copper compounds, which are soluble in the leach solution. The oxidative 
leach (22) i nch* 1 "? the use of ammonia and sulfite under agitating conditions to convert the copper sulfide minerals into ammonia soluble 
forms. 



08:13:28 page -1- 



WO 97/03754 



PCT/US9S/12096 



PROCESS FOR RECOVERING COPPER FROM 
COPPER-CONTAINING MATERIAL 

5 The present application is a continuation-in-part of 

U.S. Patent Application Serial No. 08/275,997 for "Process 
for Recovering Copper from Copper-Containing Material", 
filed July 15, 1994, and incorporated herein by this 
reference in its entirety. 

10 

FIELD OF THE INVENTION 
The present invention relates to a. process for 
recovering copper from copper-containing material and 
specifically to a process for recovering copper from copper 
15 oxide and sulfide ores, concentrates, and tailings* 

BACKGROUND OF THE INVENTION 
The vast majority of the world's copper resources are 
in the form of low-grade (e.g., assaying less than about 1% 

20 copper) porphyry copper deposits. In porphyry copper 
deposits, copper occurs primarily as a copper sulfide and 
in particular chalcopyrite (CuFeS 2 ) or chalcoclte (CUjS) . 
A sulfide is a compound in which a metal, such as copper, 
is bonded to one or more sulfur atoms. Other copper 

25 sulfides include hornite and covellite. 

As a result of post-deposition oxidation of 
chalcopyrite, deposits typically are zoned with the 
shallower portions containing copper oxides underlain by 
chalcocite and the deeper portion containing chalcopyrite 

30 with little or no copper oxides or chalcocite. An oxide is 
a compound in which a metal, such as copper, is bonded to 
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one or .ore oxygen atoas. copper oxides include 

chrysocolla, malachite, cuprite and azurite. 

Porphyry copper deposits typically contain other types 
of minerals associated with the copper minerals. Por 
5 example, porphyry copper deposits typically contain a 
significant but highly variable amount of other sulfides 
associated with copper sulfides, particularly pyrite. 

Post-deposition oxidation of the deposit causes the 
ore to have different proportions of chalcocite, 
10 chalcopyrite, other sulfides and copper oxides in the 
shallower portions of the deposit. Tne high degree of 
variability in the proportions of the copper sulfides and 
copper oxides throughout the deposit renders it difficult 
and costly to selectively mine copper oxides from copper 
sulfides such as chalcocite and chalcopyrite. 

Different techniques are employed to recover copper 
from chalcocite and chalcopyrite on the one hand and copper 
oxides on the other. For copper sulfides# flotati<m 
processes are widely used to separate copper sulfides from 
copper oxides and the remaining ore materials, with- the 
copper in the copper sulfides being recovered by smelting, 
in contrast, ores predominantly containing copper in the 
form of copper oxides are typically leached by heap 
leaching techniques to solubilize the copper oxides. 

Flotation processes generally separate the copper 
sulfides from other sulfides and copper oxides by 
collecting the copper sulfides in the flotation froth. The 
froth is removed as a concentrate to be treated by a 
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smelter and the residue is removed as tailings for discard. 
To form the concentrate, air bubbles are passed through a 
slurry containing ore particles to form the froth 
containing air bubbles attached to particles having exposed 
5 copper sulfide minerals. The necessary hydrophobic 
properties of the copper sulfide minerals can be 
established and recovery of copper sulfides obtained by 
contacting the siurry with a collector. Typically, the 
collector contains a hydrocarbon radical attached to a 
10 polar group. The polar group attaches to the copper 
sulfide mineral surface and the hydrocarbon radical which 
attaches to an air bubble. The particles containing exposed 
copper sulfide minerals attached to a collector are carried 
upward by the air bubbles to the froth. The particles in 
the tailings remain in the flotation cell contents for 
discharge. 

The flotation process generally involves a sign if icant 
loss of copper to the tailings because of the need to 
produce a concentrate for treatment by a smelter. Smelters 
generally require concentrates to assay at least 25% copper 
to obtain acceptable technical and economic results. To 
produce such a concentrate, the flotation process is 
usually designed to include in the concentrate only 
particles' containing higher proportions of copper. To 
25 realize such a result, selective collectors and specific 
flotation conditions are used to recover higher grade 
particles while suppressing the recovery of lower-grade 
particles that would reduce the concentrate assay to less 
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than 25 * copper. Selective collectors preferentially attach 
to copper sulfide minerals and not to other sulfides 
While residence times in the flotation circuit can be 
reduced to suppress the recovery of lower-grade particles 
5 this can also cause the loss of slower floating, higher- 
grade particles. belter grade retirements higher than 
25% would require even more lower grade particles to he 
-discharged in the tailings, m flotation processes, copper 
losses also result from the inability of the collector to 
10 attach to copper oxide minerals. 

copper loss by flotation processes is signif icant. In 
for example, copper flotation plants in the V S 
recovered about x. 19 *i llion Batric tons Qf ^ 

concentrate fractions with a copper recovery of about 83 * 
LS and an estimated loss in the tailings fraction of about 
22 8,ioo metric tons of copper. t Chilean government-owned 
copper mining operations recovered approximately x.055 
million metric tons of copper, with approximately 247 200 
-etric tons estimated to be lost in the tailings fraction. 
0 Additional losses of potentially valuable materials are 
incurred by the discard of Pyr i te and other sulfides. 

There is a need to provide a methodology for selecting 
a process for recovering copper from copper-containing 
material that is appropriate for the specific composition 
of the copper-containing material, especially for materials 
containing variable amounts of copper sulfides and oxides 
and other minerals. 
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There is a need to pr vide a flotation process that 
provides increased recovery of copper from copper- 
containing materials. There is a related need to provide 
such a process that can be incorporated into existing 
flotation operations. r ,: 

There is a need to provide a process that recovers an 
increased amount of copper in the concentrate fraction. 
There is a related need to provide a process that recovers 
the copper in both copper sulfide and copper oxide 
minerals. 

There is a need to provide a process that can 
economically recover copper from a lover grade material 
(e.g., ore or hydrometallurgical tailing), which cannot be 
upgraded to smelter requirements. 

There is a need to provide a process that recovers 
copper from a concentrate fraction by techniques other than 
smelting. 

SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 
invention, a process is provided that includes rion- 
selective flotation to recover copper from copper sulfides 
and oxides in a copper -containing material. As used herein, 
"non-selective flotation" refers to flotation under 
conditions conducive to the strong flotation of sulfide 
minerals generally, including copper sulfide minerals, iron 
sulfide, particularly pyrite, and mixtures thereof. 
"Selective flotation- refers to flotation under conditions 
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that float copper sulfides but suppress the flotation of 
other sulfides, particularly iron pyrite. 

A copper-containing material preferably contains a 
copper sulfide. A preferred copper-containing material is 
a porphyry copper ore and derivatives thereof (e.g., 
tailing fractions, concentrate fractions, etc.). Commercial 
copper ores currently contain from about 0.5% to about 2% 
copper. The copper-containing material can contain not 
only copper sulfide minerals such as chalcbcite and/or 
chalcopyrite but also copper oxide minerals. As will be 
appreciated, copper-containing materials include ores, 
concentrates, and tailings. 

A majority of the copper in the copper-containing 
material preferably is in the form of copper sulfides, 
mainly chalcopyrite and chalcocite, and mixtures thereof. 
More preferably, at least about 90% of the copper in the 
copper-containing material is in the form of copper 
sulfides and no more than about 10% of the copper in the 
copper-containing material is in the form of copper oxides. 

An embodiment of the process of the present invention 
includes the following steps: (i) non-selectively floating 
a portion of the copper-containing material with a 
collector selected from the group consisting of a xanthate, 
xanthate ester and mixtures thereof and at a pH from about 
pH 7.5 to about P H io.5 to form a non-selective flotation 
tailings fraction and a non-selective flotation concentrate 
fraction; and (ii) recovering the copper from the non- 
selective flotation concentrate fraction. The process can 
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further include the additional steps of c ntacting a 
portion of the non-selective flotation concentrate fraction 
with a leach solution; agitating the leach solution at a 
temperature and for a time sufficient to solubilize a 
5 substantial portion of the copper in the hon-selective 
flotation concentrate fraction; passing an oxygen- 
containing gas through the leach solution during the 
agitating step to oxidize a substantial portion of copper 
sulfides in the non-selective flotation concentrate 

10 fraction; and/or calcining the non-selective flotation 
concentrate fraction. 

The preferred collector in step (i) is selected from 
the group consisting of amyl xanthate and hexyl xanthate or 
an ester thereof . The collector preferably has a 

15 concentration in a slurry of the copper-containing material 
in step (i) in the range from about 0. 02 to about 0.10 
lbs/ton. 

The slurry can include various other reagents to 
facilitate non-selective flotation. For example , the 

2 0 slurry can include a neutral oil to increase xthe 
hydrophobicity of the collector, - 

The nonselective flotation concentrate normally 
recovers most of the sulfide minerals contained in the 
copper-containing material. Preferably, at least about 50%, 

25 more preferably at least about 75*, and most preferably at 
least about 90% of the copper is in the non-selective 
flotation concentrate fraction. Preferably, at least about 
50%, more preferably at least about 75%, and most 
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preferably at least about 90% of the sulfides other than 
copper sulfides are generally in the non-selective 
flotation concentrate fraction. 

The leach solution can include a leaching agent to 
solubilize the copper in the non-selective flotation 
concentrate fraction. The leaching agent is preferably a 
sulfuric acid solution or an ammoniacal solution. 

In one embodiment, the leach solution includes ammonia 
as the leaching agent and ammonium sulfite to convert 
copper sulfides in the copper-containing material to a 
product that is soluble in the leaching agent. The ammonia 
leaching agent preferably has a total concentration in the 
leach solution in the range from about 100 to about 150 
gms/liter. The concentration of the ammonium sulfite in 
the leach solution is preferably in the range from about 50 
to about 150 gms/liter. 

In this embodiment, the leach solution preferably has 
a P H ranging from about pH 9 to about pH 10 and a 
temperature ranging from about 20 to about 40 -c. 

The byproduct of the oxidation, ammonium sulfate, can 
be converted into sulfuric acid and ammonia by the 
following steps: (i) passing an electric current between an 
anode and a cathode in the leach solution; fii) converting 
the ammonium sulfate into ammonium and sulfate ions; (iii) 
separating the ammonium ions from the sulfate ions; 
(iv) forming at the cathode oxygen gas and hydrosulfuric 
acid; and (v) forming at the anode hydrogen gas and 
ammonia • 
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In other embodiments , the pr cess includes additi nal 
steps* One embodiment of the process includes the step of 
selectively floating a portion of the non-selective 
flotation concentrate fraction to forn a selective cleaner 
5 flotation concentrate fraction and a selective cleaner 
flotation tailings fraction. The selective flotation 
cleaner scavenger tailings fraction is subjected to the 
contacting and/or agitating steps to recover the copper 
therein. Another embodiment includes the step of leaching 

10 a portion of the copper-containing material to form a 
leaching solution containing dissolved copper and a 
leaching residue. The leaching residue is non-selectively 
floated. The leaching step before non-selective flotation 
is typically employed to solubilize copper oxides present 

15 at assays above about 0,2% copper from the copper- 
containing material. 

Anot h e r embodiment of the present invention provides 
a process for the recovery of copper from copper -containing 
material, including the steps of: (i) selectively floating 

20 the copper-containing material to form a selective rougher 
flotation concentrate fraction and a selective rougher 
flotation tailings fraction; (ii) selectively floating the 
selective rougher flotation concentrate fraction to form a 
selective cleaner flotation concentrate fraction and a 

25 selective cleaner flotation tailings fraction; (iii) non- 
selective^ floating the selective rougher flotation 
tailings fraction in the presence of a collector selected 
from the group consisting of a xanthate, xanthate ester, 
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and fixtures thereof , and at a p H in the range froa about 
PH 7.5 to about P H 10.5 to for. a non-selective flotation 
concentrate fraction and a non-selective flotation tailings 
fraction;- and ( iv) recovering copper from the selective and 
non-selective flotation concentrate fractions. -m. 
embodiment can include additional steps, including 
contacting the selective cleaner flotation tailings and 
non-selective flotation concentrate fractions with a leach 
solution and/or agitating the leach solution at a 
temperature and for a time sufficient to solubilize the 
copper in the selective cleaner flotation tailings and non- 
selective flotation concentrate fractions and recovering 
the copper from the leach solution. 

The present invention can overcome limitations 
-typically encountered in conventional selective flotation 
processes. One embodiment of the present invention does 
not require a smelter to recover copper. The non-selective 
flotation and oxidative leach steps provide for copper 
aetal recovery without smelting . This embodiment avoids 
high smelter charges and environmental problems associated 
with smelters. 

Another embodiment provides a high grade selective 
cleaner flotation concentrate fraction, suitable for a 
smelter but recovers an increased amount of the copper 
sulfide and oxide minerals from the selective flotation 
tailings .fractions. Selective flotation processes 

typically lose all copper in the rougher and cleaner 
scavenger tailings fractions. 
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Another embodiment provides non-selective flotation 
conditions which can be conducive to the recovery of copper 
oxide minerals. The non-selective flotation conditions 
further assist flotation of the copper oxide minerals by 
5 floating the sulfide minerals associated with copper oxide 
minerals. Selective flotation processes typically fail to 
recover copper oxide minerals. 1 

Another embodiment provides a process to treat copper- 
containing materials containing mixtures of copper 
10 sulfides, such as chalcocite and chalcopyrite, and copper 
oxides. 

The present invention further includes an improved 
flotation device. The flotation device includes: (i) a 
flotation vessel; (ii) an input ipto the vessel for a 

15 liquid feed stream containing particles; (iii) a first 
output from the vessel for a treated feedstream; (iv) a 
second output from the vessel for a product stream; (iv) a 
device for contacting the liquid feedstream with a gas in 
communication with the input to form a plurality of bubbles 

2 0 in the liquid feedstream; and (v) a device for confining 
the liquid feedstream in a mixing zone located within the 
flotation vessel. The confining device communicates with 
the input and the contacting device to cause the particles 
to contact the bubbles forming a gas -containing - liquid 

25 feedstream and a froth at an upper end of the vessel. The 
confining device discharges the gas-containing liquid 
feedstream into the vessel at a point below the froth to 
form a subfroth region. 



08:13:28 page -13- 



c 



10 



15 



20 



25 



W ° 97/03754 PCr/US9^2096 

-12- 

The mixing zone significantly improves metal 
recoveries compared to existing cells by forcing contact 
between the gas bubbles and the particles. Typically, the 
mixing zone contains from about 25 to about 35% by volume 
gas. 

The discharge from the mixing zone forms a subfroth 
below the froth. The subfroth also has a relatively high 
amount of gas relative to the amount of gas present below 
the froth in existing cells. Typically, the subfroth 
contains from about 35 to about 65% by volume gas. The 
subfroth significantly enhances metal recoveries by forcing 
gas bubbles to contact the particles. 

The confining device defines the mixing zone by having 
a relatively limited volume for the bubbles and particles 
to interact. Typically, the volume of the confining device 
ranges from about 1 to about 30% of the total vessel 
volume. 

In operation, one embodiment of the cell (i) contacts 
a liquid feedstream containing hydrophilic and hydrophobic 
particles with a gas to form a. gas-containing liquid 
feedstream; (ii) discharges the gas-containing liquid 
feedstream into a portion of the flotation vessel; (iii) 
first introduces a first portion of the gas-containing 
liquid feedstream into the subfroth; (iv) second introduces 
a second portion of the gas -containing liquid feedstream 
into the froth; and (v) separates the froth from the 
subfroth to form the product stream. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow schema-tic of several embodiments of 
the present invention; 

Fig. 2 is a flow schematic of an embodiment shown in 
5 Fig. 1 of a process according to the present invention; 

Fig* 3 is a side view of an ion selective membrane 
apparatus ; 

Fig. 4 is a flow schematic of another embodiment shown 
in Fig. 1 of a process according to the present invention; 
10 Fig. 5 is a flow schematic of another embodiment shown 

in Fig. 1 of a process according to the present invention; 

Fig. 6 is a flow schematic of another embodiment based 
on Figs. 4 and 5; 

Fig. 7 is a flow schematic of another embodiment of a 
15 process according to the present invention; 

Fig. 8 is a flow schematic of another embodiment of a 
process according to the present invention; 

Fig. 9 is a cross-sectional view of an embodiment of 
a flotation cell; 
20 Fig. 10 is a top view of the flotation cell in Fig. 9; 

and 

Figs. 11 and 12 are cross-sectional and top views, 
respectively, of another embodiment of a flotation cell. 

25 DETAILED DESCRIPTION 

Selection of Copper Recovery Process 

The present invention is based in part on the 
recognition that the mineralization and texture of a 
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copper-containing material determine the preferred copper 
recovery process. Thie is especially applicable to mixed 
copper sulfide and oxide materials. The mineralogy refers 
to the chemical composition of the primary mineral 
containing the copper. More specifically, the mineralogy 
classification is based upon the chemical composition of 
the copper-containing mineral that constitutes no less than 
a majority of the copper mineralization in the copper- 
containing material. More preferably, the mineralogy 
composition is based upon the chemical composition of the 
copper-containing mineral that constitutes no less than 50% 
by weight of the copper mineralization in the copper- 
containing material. 

The mineralogy controls the process type used to 
recover copper from the copper-containing material. By way 
of example, cbalcocite but not chalcopyrite is readily 
oxidized in an oxidative leach step to a soluble form. 
Chaloopyrite preferably is oxidized by calcining before 
leaching is conducted. Copper oxides but not copper 
sulfides are readily solubilized by an acid leach (without 
further oxidation) . 

The texture of the copper-containing material refers 
to the grain size of the copper mineralization and the 
degree of intimacy of the association between the copper 
sulfides and oxides and other sulfides. Coarse texture 
refers to copper mineralization that may be substantially - 
liberated by comminuting the copper-containing material to 
about 35 to about 65 mesh (Tyler); fine texture may be 
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substantially liberated by comminuting the copper- 
containing material to about 100 to about 200 nesh (Tyler) ; 
and very fine texture may be substantially liberated by 
comminuting the copper-containing material to about 200 to 
about 325 mesh (Tyler) . The intimate association of other 
sulfides with copper sulfides and oxides can decrease the 
ability to liberate the copper minerals by comminution 
techniques. As used herein, "substantial liberation" 
refers to copper recoveries no less than about 30% using 
selective flotation techniques described below. 

Unlike mineralogy which determines the techniques used 
to oxidize and/or solubilize the copper sulfides and 
oxides, the texture determines the process used to separate 
the copper mineralization from the remaining material in 
the copper-containing material. For both chaicocite and 
chalcopyrite, coarse textured copper-containing material is 
concentrated by selective flotation techniques as discussed 
below. For fine textures, the copper-containing material 
can be treated either by selective or non-selective 
flotation techniques. For very fine textures the copper- 
containing material is concentrated by non-selective 
flotation techniques as discussed below. 

Fig. 1 depicts the methodology for selecting a 
preferred copper recovery process based on mineralogy and 
texture. A different set of processes is depicted for 
chaicocite, chalcopyrite, and copper oxides. For chaicocite 
and chalcopyrite there is a corresponding coarse texture, • 
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fine texture and very fine texture. For each texture, the 
corresponding copper recovery process is illustrated. 

Copper oxides of all textures are treated by the 
process shown in Fig. 5. As discussed below, non-selective 
flotation techniques may be applied to the 
hydrometallurgical tailings to recover the copper in any 
copper sulfides in the copper-coritainirig material. Such 
mineralization is generally not solubilized with the copper 
oxides. Depending on the type of copper sulfide 
mineralization (e.g., chalcocite or chalcopyrite) , the 
leaching residue can be roasted or oxidatively leached> as 
appropriate. 

riotation Processes 

The use of non-selective flotation as shown in Fig. l 
to treat copper-containing materials is based in part on 
the recognition that selective flotation to produce a 
smelter-grade concentrate fraction necessarily causes 
copper losses. Copper-containing materials typically 
contain various sulfides such as pyrite and mixtures 
thereof that are associated with copper sulfides, e To 
recover as much copper as possible, non-selective flotation 
conditions are employed. By using conditions conducive to 
the flotation of sulfide minerals generally, copper 
recoveries can be increased substantially over those 
obtained by selective flotation processes. 

It has been discovered that a significant portion of 
copper-containing material that is not recovered in the 
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concentrate fraction of selective flotation processes is 
not recovered because of a variety of factors, including: 
(i) certain size fractions of the copper-containing 
material respond poorly to selective flotation (e.g., 
5 fractions coarser than about 200 mesh are either too large 
to float or contain less copper, and fractions smaller than 
about 800 jaesh are inherently slower floating) ; (ii) the 
exposed surface area of the copper sulfide mineral on a 
particle is insufficient for the particle to be floated; 
lO (iii) the copper is in the form of a copper oxide mineral 
(e.g., malachite, chrysocolla, azurite, etc.) or elemental 
copper which will not be floated by selective flotation; 
and (iv) the throughput of copper-containing material in a 
selective flotation plant is increased to increase copper 
15 production, causing a reduction in flotation time and 
increased copper losses thereby. 

Non-selective flotation will recover a significant 
portion of these losses. Non-selective flotation recovers 
riot only a greater amount of the particles having exposed 
2 0 copper sulfide minerals but also particles having other 
types of exposed sulfide minerals, such as pyrite, that are 
typically associated with the copper sulfide and copper 
oxide minerals. For example, non-selective flotation will 
recover a particle having only pyrite exposed on the 
25 particle surface. Such a particle can contain either 
unexposed copper sulfide minerals or copper oxide minerals. 

The use of an oxidative leach or calcining and acid 
leaching after non-selective flotation removes the need for 
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concentrates having the high grade required for smelting. 
The removal of this need enables a higher amount of low- 
grade copper particles to be included in the concentrate 
fraction than is desirable with selective flotation 
processes that produce a concentrate for a smelter. 
Following flotation, the oxidative leach oxidizes the 
copper sulfides to soluble copper compounds, which dissolve 
in the leach solution for later copper recovery. 

A first embodiment of the present invention is 
illustrated in Figs. 1 and 2. This aspect is preferred for 
fine and very fine textured copper-containing materials 
having chalcocite as a primary copper-containing mineral. 
Referring to Fig. 2, the copper- containing material is 
comminuted 12 to form a feed 10 in the form of a slurry 
having particles; of a desired size distribution for non- 
selective flotation 16. Preferably, the particles in the 
feed 10 have an average size ranging below about 48 mesh 
(Tyler seven series). The feed 10 preferably has from 
about 15% to about 35% solids. 

The feed 10 can include various reagents 15 to improve 
copper' recoveries in non-selective flotation 16. The feed 
10 can include a collector which increases the floatability 
of the sulfide minerals in the feed 10. The preferred 
collector is a xanthate, xanthate ester, or mixtures 
thereof, more preferably a xanthate or xanthate ester 
having an aUcyl group with no less than about 4 and more 
desirably no less than about 5 carbon atoms in the alXyl 
group, and most preferably an amyl or hexyl xanthate or 
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xanthate ster. Preferably, the collector lias a 

concentration in the feed 10 ranging from about 0.02 to 
about 0.15 lbs /ton of copper-containing material and more 
preferably from about 0.02 to about 0.05 lbs/ ton of copper- 
containing material. 

The feed 10 can include a neutral oil to increase the 
hydrophobic properties of the collector, generally 
contacted with the feed 10 in emulsion form. Preferred 
neutral oils are fuel, burner gas> or diesel oil, and 
mixtures thereof. The concentration of the neutral oil in 
the feed 10 preferably is in the range from about 0.05 to 
about 0.2 lbs/ ton of copper-containing material. 

The feed 10 can include a frother to permit the 
formation of a froth in the flotation cell. Suitable 
frothers include simple alcohols, such as methyl isobutyl 
carbinol, glycol ethers, cresylic acid, pine oil, and 
mixtures thereof. The frothers preferably have a 

concentration in the feed 10 ranging from about 0;05 to 
about 0.1 lbs/ton of copper-containing material. 

To prepare the feed 10 for non-selective flotation 16, 
the reagents 15 can be contacted with the feed 10 in a 
suitable flotation cell. Preferably, the feed 10 " is 
conditioned in the flotation cell with aeration for a time 
ranging from about 1 to about 2 minutes until the redox 
potential, initially typically at about -100 to about -200 
mv, is raised to a level typically ranging from about -50 
to about. +50 mv (platinum electrodes) . 
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The non-selective flotation step 16 is conducted, 
after aeration of the feed 10 to the indicated redox 
potential levels, to form a separate non-selective 
flotation tailings fraction 20 and non-selective flotation 

5 concentrate fraction 18. Non-selective flotation 16 of the 
feed 10 is conducted at a suitable p H to increase the 
ability of the collector to attach to the sulfide minerals' 
surfaces. Preferably, the pH is in the from about pH 7.5 to 
about pH 10.5, more preferably from about pH 8.5 to about 

) PH 10.5 and most preferably from about pH 8.5 to about pH 
9.5. Preferably, lime is used to adjust the pH to suitable 
levels. 

The non-selective flotation 16 is preferably conducted 
in a series of flotation cells, with a total retention time 
of the feed lo ranging from about 5 to about is minutes. 
The non-selective concentrate fractions from the various 
flotation cells are combined to form the . non-selective 
concentrate fraction 18. 

The flotation cell can be of any suitable design. The 
preferred flotation cell design is discussed below. 

The non-selective concentrate fraction 18 preferably 
contains the majority of the sulfide minerals from the feed 
10. Typically, the non-selective concentrate fraction . 18 
contains at least about 50%, more typically about 75%, and 
most typically 90% by .weight of the sulfide minerals other 
than copper sulfides in the feed 10. The non-selective 
flotation concentrate fraction 18 contains no less than 
about 15% and typically from about 50% to about 8 0% by 
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veight sulfide minerals other than copper sulfides. As 
noted above, such sulfide minerals are generally pyrite. 
Such levels of sulfide minerals are acceptable because 
leaching is generally used for solubilizing the copper in 
5 the non-selective flotation concentrate fraction. The non- 
selective flotation concentrate fraction 18 preferably 
contains at least about 50%, more preferably at least about 
75%, and most preferably at least about 90% by weight of 
the copper sulfide minerals from the feed 10. The non- 
10 selective flotation concentrate fraction 18 generally has 
a copper assay ranging from about 2% to about 10%, more 
generally from about 3% to about 9%, and most generally 
from about 4% to about 8% copper. 

15 Oxidative Leaching Processes 

The non-selective flotation concentrate fraction 18 is 
subjected to an oxidative leach 22 to oxidize the copper 
sulfides to copper compounds which are soluble in the leach 
solution 24. In the oxidative leach 22, the leach solution 

20 24 can include a leaching agent, and water, to which is 
added the non-selective flotation concentrate fraction r 18. 
The leach solution 24 preferably contains about 10% to 
about 30% by weight solids. The non-selective flotation 
concentrate fraction 18 preferably contains a substantial 

25 portion of the copper-containing material coarser than 
about 48 mesh (Tyler seven series). 

The leaching agent is any liquid in which copper 
sulfides are soluble. The leaching agent can include 
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solutions containing ammonia, ammonium salts/ and fixtures 
thereof. The i aa ch solution 24 preferably is substantially 
free of chlorine to reduce corrosion of equipment. 

- The leach solution 24 can include ammonium sulfite, 
typically formed by reacting sulfur dioxide with ammonium 
hydroxide, to assist decomposition of copper sulfides in 
the copper-containing material to form copper compounds 
soluble in the leaching agent. ; while not wishing to be 
bound by any theory, it is believed that the dissolution 
reactions occur according to one or more of the following 
equations : 

CUgS + %o 2 « cus + Cuo 
CUO + 2NH3 + (NH 4 ) 2 S0 4 - CUCNH,)^ + I^O 
It is believed that the ammonium sulfite acts as a reducing 
agent, according to the following equations: 

2CuS + (NH 4 > 2 S0 3 - 2Cu z O + (NH 4 ) 2 S0 4 
The molecular oxygen in the equations can be supplied by 
aeration during the oxidative leach 22 of the concentrate 
fraction 18. 

While not wishing to be bound by any theory, it is 
believed that the ammonium sulfite facilitates low 
temperature dissolution of the copper ions and sulfide ions 
in the concentrate fraction 18. m the absence of ammonium 
sulfite and oxygen, copper sulfides are not fully oxidized 
to copper oxides. Typically, a significant portion of the 
copper sulfides is converted in the absence, of ammonium 
sulfite to a cupric copper sulfide, such as covellite, CuS, 
which does not dissolve in the absence of ammonium sulfite. 
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In a preferred application, the concentrations of 
ammonia, ammonium sulfate, and ammonium sulfite in the 
leach solution 24 preferably are the relative amounts 
required by the above— noted equations to oxidize the copper 
5 sulfides in the non-selective flotation concentrate 
fraction 18. The ammonia concentration in the leach 
solution 24 before the oxidative leach 22 preferably is in 
the range from about 100 to about 150 gins /I iter. The 
concentration of the ammonium sulfite depends on the copper 

10 content of the non-selective flotation concentrate 
fraction. Preferably, the ammonium sulfite concentration 
Is in the range from about 5 to about 100 gms/ liter and 
more preferably from about 5 to about 50 gms/ liter. 

The frequency and amount of ammonium sulfite addition 

15 is an important factor to leach efficiency. The ammonium 
sulfite is preferably added in stages with the majority of 
ammonium sulfite being added in the first or initial stage 
and the remainder added incrementally in the later stages. 
The leaching agent and ammonium sulfite can be added 

20 to form the leach solution 24 in any form that is soluble 
in the leach solution 24. Xn particular, the sulfite can 
be contacted with the leach solution 24 as a solid, namely 
ammonium sulfite, or as a gas, namely sulfur dioxide. 
Sulfur dioxide hydrates when contacted with water to form 

25 ammonium sulfite. The ammonium sulfite can also be produced 
by calcining the sulfides in the copper -containing material 
obtained from the leach residue or the non— selective 
flotation tailings fraction. 
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During the oxidative leach 22, the leach solution 24 
can be aerated with air at atmospheric pressure. The air 
can be recirculated through the leach solution 24, as 
.. desired. 

The rate of aeration is an important factor in the 
oxidative leach 22. The rate of aeration preferably is in 
the range from about 2 to about 4 ft'/nin./ft* tank area. 

The leach solution 24 is vigorously agitated to ensure 
adequate mixing of the solids and liquid with the oxygen- 
containing gas . Preferably, the power intensity during 
agitation is in the range from about 0.05 to about o.io 
hp/ft'. Any suitable agitation device can be used, including 
a flotation cell. 

The P H and temperature of the oxidative leach 22 
influence the reaction rate. The p H of the leach solution 
24 preferably in the range from about pH 9 to about pH 10. 
The temperature of the leach solution 24 preferably in the 
range from about 20 to about 40. C . By contrast, the 
temperature of a leach solution required to solubilize 
copper in the absence of ammonium sulfite is considerably 
higher, typically ranging from 60 to 90 and more typically 
from 70 to 75°C. 

Based on the pH, temperature, and pressure above, the 
duration of the oxidative leach 22 preferably is in the 
range from about 1 to about 4 hours and more preferably 
from about 1 to about 2.5 hours. By contrast, the duration 
of the oxidative leach in the absence of ammonium sulfite 
is slower, typically ranging from 3 to 4 hours. 
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The oxidative leach 22 can be performed in any 
suitable reactor, particularly a tank reactor such as a 
flotation cell. 

A byproduct of the oxidative leach 22 is ammonium 
5 sulfate. The ammonium sulfate is preferably converted into 
ammonia and sulfuric acid, decomposed, or recovered for 
sale as a fertilizer. 

To decompose the ammonium sulfate into ammonia and 
sulfuric acid, a portion of the pregnant leach solution 25 
10 or a derivative thereof (e.g., a raffinate solution) after 
copper recovery 2 6 is subjected to electrolysis across an 
ion selective membrane. Referring to Fig. 3, the pregnant 
leach solution 25 or a derivative thereof (e.g., a 
raffinate solution) is placed in a first compartment 17 0a 
15 containing an anode 174. A second compartment 170b contains 
the cathode 178 and is separated from the first compartment 
by an ion selective membrane 182 . When a current is passed 
between the anode and cathode through the pregnant leach 
solution 25 or a derivative thereof (e.g., a raffinate 
2 0 solution), the ammonium sulfate is converted into ammonium 
and sulfate ions. The sulfate ions 186 pass through the ion 
selective membrane 182 to the cathode 178 where the sulfate 
ions 186 are converted into hydrosulf uric acid. The 
ammonium ions 190 migrate to the anode 174 where the 
25 ammonium ions 190 are converted into ammonia. The ammonium 
ions 190 do not pass through the ion selective 
membrane 182. It is believed that the conversion occurs 
according to the following equation: 
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HjO + (NH^jSO^Hjt + %O z t + 2HHj 
+ H z SO i 

As will be appreciated, an ion selective membrane 182 
can be selected not only to pass the sulfate ions 186 and 
not the ammonium ions 190 but also to pass the ammonium 
ions 190 and not the sulfate ions 186. In the former case, 
the pregnant leach solution 25 or a derivative thereof 
(e.g., a raffinate solution) is placed in the compartment 
that contains the anode 174 (if the ion selective membrane 
182 passes the sulfate ions 186) or in the latter case in 
the compartment that contains the cathode 178 (if the ion 
selective membrane 182 passes the ammonium ions 190) . 

For higher purity sulfuric acid and ammonia, the 
pregnant leach solution 25 or a derivative thereof (e.g., 
15. a raffinate solution) can be placed in the first or second 
compartments 170a, b in a first electrolytic cell and then 
into the second or . first compartments 170b, a, 
respectively, in a second electrolytic cell. In this 
manner, the ammonia and sulfuric acid that is collected 
forms in the compartment adjacent to the compartment in 
which the leach solution is placed. This can reduce the 
likelihood that impurities can migrate through the ion 
selective membrane 182. 

The sulfuric acid and ammonia may be selectively 
recovered and either sold or used as reagents. 

Alternatively, the ammonium sulfate can be decomposed 
with lime to form calcium sulfate for disposal and ammonia 
for recycle to the oxidative leach 22. 
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In a second embodiment of the xidative leach 22, the 
leaching agent is an acid, preferably sulfuric acid, and 
the leach solution 24 contains ferric sulfate to oxidize 
sulfide sulfur and cuprous copper. While not wishing to be 
bound by any theory, it is believed that the oxidation of 
the sulfides occurs according to the following equation: 
CUjS + Fe^SO^j = CuS0 4 + CuS + 2FeS0 4 
CUS + Fe 2 (SO i ) 3 « CuS0 4 + S° 
Copper oxides will be dissolved in the leaching agent by 
the following equation: 

CUO + HgSO^ *= cuso 4 + h 2 o 
Generally, the amount of leaching agent and ferric 
sulfate in the leach solution 24 is the amount required by 
the above-noted equations to oxidize the sulfide sulfur, and 
cuprous copper in the non-selective flotation concentrate 
fraction 18, The leaching agent concentration in the leach 
solution 24 preferably is in the range from about 0.5 to 
about 1.5 molar. The concentration of the ferric ion in 
the leach solution 24 preferably is in the range from about 
25 to about 100 gms/liter. - 

The oxidative leach step 22 is conducted preferably at 
temperatures ranging from about 45 °C to about 90 °C for a 
time ranging from about 1 to about 3 hours. Intensive 
agitation and aeration are desirable to reduce the 
temperature requirements. 

. Intensive agitation and aeration further help maintain 
the iron sulfate as a ferric salt according to the 
following equations: 
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2FeS0 4 .+ S0 2 + O z = p^tSO^j 
4FeS0 4 + 21^ + o 2 = 2Pe 2 (so,) 3 + 2^0 
Otherwise, the iron sulfate will be reduced to the ferrous 
salt as the sulfide sulfur is oxidized. 

After the oxidative leach 22, the copper recovery 26 
fro* the pregnant leach solution 25 is realized by suitable 
technics, including solvent extraction and 
electrowinning. Solvent extraction and electrowinning are 
preferred for reasons of cost and simplicity of operation. f 
The non-selective flotation tailings fraction 20 and leach 
residue 28 are discarded. 

Referring to Fig. 1, ror copper-containing materials 
having chalcopyrite as the primary copper-containing 
Mineral, the very fine and fine textured copper-containing 
material can be treated by the copper recovery process 
shown in Fig. 4. The copper-containing material is 
comminuted 12 to form feed 10. The feed 10 is subjected to 
non-selective flotation 16 as described above to forn a 
non-selective flotation concentrate fraction 18 and non- 
selective flotation tailings fraction 20. / 

Roasting Proeesgpa 

The non-selective flotation concentrate fraction 18 is 
subjected to a roast 19 to for* a calcined product 21 and 
byproduct 23. The roast 19 generally occurs i„ a f luiai2ed 
bed (not shown) at temperatures ranging £roa about 500 t£> 
about 7000c. The fluidizing gas preferably contains 
molecular oxygen and more preferably is air. The. flow rate 
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of the fluidizing gas through the f luidized bed preferably 
Is in the range from about 15 to about 50 cm 3 / sec/ cm 2 . 
While not wishing to be bound by any theory, it is believed 
that the calcination reaction in the f luidized bed proceeds 
according to the following equation: 

2 CuFeS 2 + 6%0 2 = 2 CUO + Fe^Qj + 4S0 2 

Because the calcination reaction is exothermic, the 
temperature in the f luidized bed is controlled by suitable 
heat removal methods. Preferably, heat removal is 
effectuated by feeding the non-selective flotation 
concentrate fraction to the f luidized bed as a slurry, 
spraying water on the f luidized bed, and/or using heat 
exchangers in the f luidized bed. 

Cyclones (not shown) are preferably positioned 
downstream of the f luidized bed to recover the portion of 
the calcined product 21 entrained in the fluidizing gas. 

The calcined product 21 is subjected to an acid leach 
64 to solubilize the oxidized copper in the leaching 
solution 65. Any suitable acid may be used in the leaching 
solution 65 , preferably a sulfuric acid byproduct 23 from 
the roast 19. The acid leach 64 can involve any suitable 
leaching technique, preferably agitation leaching. The 
copper is recovered from the pregnant leaching solution 66 
by suitable techniques. 

Other P rocess Configurations 

Pig. 5 illustrates an embodiment of the present 
invention for treating the leaching residue 62 from an acid 
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leach 64 to solubilize copper xides. Non-selective 
flotation can substantially improve copper recoveries by 
recovering copper sulfides in the leaching residue 62 that 
are generally hot oxidized in the acid leach 64. The 
leaching residue 62 is normally discarded without recovery 
of the copper sulfide minerals. 

The acid leach 64 can be conducted by suitable 
methods, preferably agitation leaching, to form a pregnant 
leaching solution 66 and the leaching residue 62. The 
pregnant leaching solution 66 is treated in a copper 
recovery step 2 6 to recover copper. 

The leaching residue 62 is treated by non-selective 
flotation l<5. Kon-selective flotation 16 produces the non- 
selective flotation concentrate fraction 18 and non- 
selective flotation tailings fraction 20. If necessary, the 
leaching residue 62 is comminuted 12 to form feed 10 having 
the appropriate size distribution for non-selective 
flotation 16. 

The non-selective flotation concentrate fraction is is 
subjected to the oxidative leach 22 to produce a pregnant 
leach "solution 2 S and leach residue 28. Alternatively, if 
the copper-containing material contains a substantial 
amount of chalcopyrite, the non-selective flotation 
concentrate fraction 18 may be treated as shown in Fig. 4 . 
The pregnant leach solution 25 and the pregnant leaching 
solution 66 are treated in the copper recovery step 26 to 
recover the copper. The leach residue 28 and the non- 
selective flotation tailings fraction 20 are discarded. 
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Referring to Fig. 6, a process is depicted for copper- 
containing materials containing substantial and varying 
proportions of copper sulfide and oxide minerals. Copper- 
containing material vitb copper sulfides being a majority 
of the copper mineralization is treated by the circuit of 
Fig. 4 except that the non-selective flotation tailings 
fraction 20 is subjected to acid leach 64 to recover copper 
oxides. Copper-containing material with copper oxides being 
a majority of the copper mineralization is treated by the 
circuit of Fig. 5 using a roast 19 and acid leach 64 rather 
than an oxidative leach 22 for copper recovery. 

Fig. 7 illustrates another embodiment of the present 
invention for producing a selective flotation concentrate 
fraction, for a smelter. This embodiment is applicable where 
a smelter will be used to recover a portion of the copper. 

Referring to Fig. 7, the copper-containing material is 
comminuted 12 to form feed 10- The feed 10 is subjected to 
non-selective flotation 16 - to form a non-selective 
flotation tailings fraction 20 and non-selective flotation 
concentrate fraction 18. 

In selective flotation 38, the conditions are selected 
to suppress the flotation of sulfide minerals other than 
copper sulfide minerals. The non-selective flotation 
concentrate fraction 18 is combined with selective reagents 
34. The selective reagents 34 include collectors. The 
collectors are preferably dithiophosphates having ethyl or 
propyl groups and esters thereof. Lower molecular weight, 
as opposed to higher molecular weight, dithiophosphates and 
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esters thereof are known to substantially reduce the 
flotation of sulfides other than copper sulfides, such as 
pyrite. The concentration of the collectors in the non- 
selective flotation concentrate fraction 18 preferably is 
in the range from about 0.02 to about 0,05 lbs/ton of 
copper-containing material. 

The selective reagents 34 can include a f rother as 
noted above. The concentration of the f rother in the non- 
selective flotation concentrate fraction 18 typically is in 
the range from about 0.02 to about 0.05 lbs/ton of copper- 
containing material. 

The selective reagents 34 can also include a pyrit 
depressant to suppress the flotation of pyrite. The pyrite 
. depressant is preferably lime to provide a pH from about 
5 10.5 to about 11.5. 

The selective flotation concentrate fraction 4 0 
contains a reduced amount of sulfides, compared to non- 
selective flotation concentrate fraction 18. The selective 
flotation concentrate fraction 40 typically contains no 
> more than about 40% by weight of the sulfides other than 
copper sulfides (e.g., pyrite) in a feed material, such as 
the non-selective flotation concentrate fraction 18 in 
Fig. 7. The selective flotation concentrate fraction 40 
generally has an assay of sulfides other than copper 
sulfides of less than about 15%. 

The selective flotation concentrate fraction 40 can be 
delivered to a smelter 42. The selective flotation tailings 
fraction 44 is subjected to the oxidative leach 22 as 
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described above. The leach residue 28 is discarded along 
with the non-selective flotation tailings fraction 20. 
Alternatively, to recover chalcopyrite the selective 
flotation tailings fraction 44 may be subjected to a roast 
5 19 and acid leach 64 to recover the copper contained 
therein. 

Fig. 8 illustrates an embodiment of the present 
invention for retrofitting a conventional selective 
flotation circuit. The non-selective flotation circuit can 
10 substantially improve copper recoveries by processing 
selective rougher flotation tailings and selective cleaner 
flotation tailings fractions that would normally be 
discarded. 

Referring to Fig. 8, selective flotation circuit 46 
15 includes the following steps: (i) comminution 48; 
(ii) selective rougher flotation 50 to form a selective 
rougher flotation concentrate fraction 52 and selective 
rougher flotation tailings fraction 54; (iii) selective 
cleaner flotation 56 of the selective rougher flotation 
20 concentrate, fraction 52 to form a selective cleaner 1 
flotation concentrate fraction 58 and selective cleaner 
flotation tailings fraction 60; and (iv) treatment of the 
selective cleaner flotation concentrate fraction 58 by a 
smelter 42 to recover the copper. In certain process 
25 configurations, the selective rougher flotation concentrate 
fraction 52 is recomminuted and the non-selective flotation 
tailings fraction 2 0 subjected to size separation, such as 
by a cyclone, with the coarse fraction also being 
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recomminutftd. The recominuted materials are subjected to 
selective cleaner flotation 56. In another process 
configuration, the selective cleaner flotation concentrate 
fraction 58 is partially or completely treated by the 
5 oxidative leach 22 with little or none of the concentrate 
fraction 58 being sent to the smelter 42. This alternative 
is desirable in some applications where inadequate smelter 
capacity is available or smelter emissions are a concern. 
The selective rougher flotation 50 and selective cleaner 
10 flotation 56 are substantially the same as selective 
flotation 38 as described above. 

The selective rougher flotation tailings fraction 54 
is treated by the non-selective flotation circuit 62 to 
produce a non-selective flotation concentrate fraction 18 
15 and non-selective flotation tailings fraction 20. 

The non-selective flotation concentrate fraction 18 
and selective cleaner flotation tailings fraction 60 are 
subjected to an oxidative leach 22. Alternatively, if the 
copper-containing material contains a substantial amount of 
ZO chalcopyrite, the non-selective flotation concentrate 
fraction 18 may be treated as shown in Fig. 4, The pregnant 
leach solution 25 is treated by suitable methods in the 
copper recovery step 26 to recover the copper. The leach 
residue 28 and the non-selective flotation tailings 
25 fraction 20 are discarded. 
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flptatipn Cell 

The present invention further includes a flotation 
cell for improved mineral recovery. The flotation cell is 
based on the discovery that, contrary to the teachings of 
the art, the stirred tank principle of existing flotation 
cells provides inadequate contact between the bubbles and 
particles in the slurry* The stator in conventional 
flotation cells radially disperses the particles and water 
to be separated in the flotation cell and gas bubbles 
outward into the tank, with significant loss of 
parti cle/bubble contact probable. This causes coarse 
middling, surface oxidized, and slower floating particles 
to be discharged from the cell as tailings. This reduces 
the amount of copper recovered in the concentrate in any 
one cell and therefore requires treatment of a metal- 
containing material in a multiplicity of cells to obtain 
acceptable metal recoveries, which significantly increases 
capital and operating costs. 

The present invention confines the stator discharge to 
a confined volume within the cell and directs the discharge v 
upwards directly into a subfroth region from which 
hydrophobic particles enter into the froth. Thus, the 
flotation cell of the present invention ejects the 
discharge into the subfroth and belaw the froth. In this 
manner, a greater degree of contact between bubbles and 
particles persists in the region below the froth, e.g., 
subfroth, relative to existing cells. Thus, there is a 
greater opportunity for all particles, coarse and fine, to 
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be lifted into the froth by rising gas bubbles. Existing 
cells, in contrast, do not have a subfroth region because 
of inadequate confinement of the gas and particles. Rather, 
such cells have a slurry typically containing 20* gas by 
volume contacting the froth directly with no intervening 
subfroth region. 

One embodiment of the flotation cell of the present 
invention is a flotation column that eliminates the need 
for an impeller to provide the bubble/particle contacting. 

The flotation cell of the present invention is not 
limited to copper-containing materials, it can be used to 
separate any particles having different surface properties. 
Specifically, it can be used to separate particles that 
either naturally or as treated have differing hydrophobic 
15 and/or hydrophilic properties. 

Referring to Figs. 9 and 10, an embodiment of a 
flotation column 80 includes an eductor assembly 84 and a 
separator assembly 88. The eductor assembly 84 includes a 
pump 92 to pressurize the feed 10 and an eductor 96 to 
contact a gas 124, such as air, with the feed 10 to form an 
aerated slurry .104. The separator assembly 88 includes a 
vessel 100 to contain the aerated slurry 104 and a conduit 
108 to introduce the aerated slurry 104 into the vessel 
100. 

The feed 10 is a mixture of the hydrophobic particles 
116 and hydrophilic particles ll 2 to be separated and a 
liquid 120. The liquid 120 is normally water. Preferably, 
substantially all of the particles 112, lis have a size 
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less "than about 35 mesh. (Tyler seven series) tout nore than 
a few microns. The feed 10 is preferably from about 20 to 
about 35* by weight solids with the remainder being the 
liquid. 

As noted above, the feed 10 can include suitable 
additives to enhance the separation of the particles 112, 
116. By way of example, the feed 10 can include suitable 
collectors, neutral oils, and frothers. The flotation cell 
is particularly effective in recovering metal sulfides 
under nonselective flotation conditions. 

The gas 124 is preferably air. 

The pump 92 can be any pump capable of transporting 
the feed 10 to the separator assembly 88. The pump 92 is 
preferably a suitable pump capable of handling and 
transporting a slurry. 

The eductor 96 is preferably located downstream of the 
pump 92. The eductor 96 is any device that can contact the 
gas 124 with the feed 10 to form the aerated slurry 104. It 
is preferred that the aerated slurry 104 include an amount 
of gas ranging from about 25 to about 35% by volume and an 
amount of solids preferably ranging from about 20 to about 
35* by weight. Alternatively, the eductor 96 and pump 92 
can be replaced by a pump that can disperse the gas into 
the feed 10 at the suction intake to the pump 92. 

The vessel 10 0 is located downstream of the eductor 
96. The vessel 100 is any suitable container for the 
aerated slurry 104. The vessel 100 can be any size and 
shape depending upon the particular application. The 
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volume of the vessel 100 is selected based upon the desired 
capacity of the separator assembly 88. Preferably, the 
vessel 100 is substantially cylindrical as illustrated in 
Fig. 10. 

The conduit 108 is preferably centrally located within 
the vessel 100 and defines a mixing zone ±32 for further 
contacting the gas bubbles 128 with the hydrophobic 
particles 116 in the aerated slurry and a discharge zone 
136 for collecting a small unfloated fraction of 
hydrophobic particles lie and substantially all of the 
hydrophilic particles 112. The Mixing zone 132 is located 
within the conduit 108 and extends fron the eductor 96 to 
the outlet of the conduit 108 into the vessel 100. The 
mixing zone 132 is the defined region in the vessel 100 for 
further contacting or mixing of gas bubbles 128 with 
hydrophobic and hydrophilic particles lie. The discharge 
zone 136 is located in the area between the conduit 108 and 
the vessel 10O but below the subfroth 144. The discharge 
zone 136 is an area in the vessel 100 for gravity 
separation of hydrophobic particles lie from hydrophilic 
particles 112 

The discharge zone 136 contains a smaller amount of 
gas and solids than the mixing zone 132. in contrast to 
the mixing zone 132, the discharge zone 13 6 without the 
presence of the nozzles 140 includes an amount of gas that 
is typically no more than about 10% by volume and more 
typically no more than about 5% by volume, with the nozzles 



08:13:28 page -40- 



WO 97/03754 PCT/US95/12096 

-39- 

14 0, the discharge zone 13 6 typically includes no more than 
about 15% by volume gas. 

The conduit 108 can be any shape but preferably is the 
same shape as the interior of the vessel 100. In typical 
5 applications, the conduit 108 will be substantially 
cylindrical in shape. Rectangular conduits loe are 
typically not preferred because they can accumulate 
particles in their corners, especially in flotation cells 
having a stator or other mechanical mixing device. 
L0 The dimensions of the conduit 108 and therefore of the 

mixing zone 132 depend upon the size of the vessel 100^ 
The mixing zone 132 preferably has a cross-sectional area 
normal to the direction of flow that is from about 2 0 to 
about 45% and more preferably from about 25 to about 40% of 
.5 the total cross-sectional area of the vessel 100 normal to 
the direction of flow. • The width of the mixing zone 132 
preferably ranges from about 2 0 to about 65% and more 
preferably from about 25 to about 60% of the vessel width. 
The length of the mixing zone 132 is preferably sufficient 
0 to provide a total residence time of the aerated slurry i: 104 
in the mixing zone 132 and subfroth region 144 that 
preferably is about 15 to about 35 and more preferably 
about 25% of the total residence time in the vessel 100. 
Specifically, the residence time in the mixing zone and 
5 subfroth region ranges from about 1.5 to about 5 minutes, 
more preferably from about 2 to about 4 minutes, and most 
preferably from about 2 to about 3 minutes. The height of 
the conduit 108 above the bottom of the vessel typically 
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ranges fro* about SO to about 85*, more preferably fro* 
about 60 to about 80*, and aost preferably froa about 70 to 
about 80* of the distance froa the bottom of the vessel to 
the top of the froth 148. The conduit 108 can be telescopic 
to provide a plurality of adjustable heights. The upper 
outlet of the conduit 108 defines the lower surface of the 
subfroth 144. The height of the subfroth 144 preferably 
ranges from about 10 to about 35 and aore preferably froa 
about 15 to about 30* of the distance froa the bottom of 
the vessel to the top of the froth 148. The height of the 
froth 148 preferably ranges from about io to about 20 and 
more preferably from about 10 to about 15% of the distance 
from the bottom of the vessel to the top of the froth 148. 
Based on the above-noted dimensions, the mixing zone 132 
preferably ranges from about l to about 30 and more 
preferably from about 5 to about 25* of the total vessel 
volume . 

The separator assembly 88 can include a plurality of 
nozzles 140 for injecting gas 124 into the aerated slurry 
104 in the discharge zone 136. Preferably, the nozzles 140 
are located around the periphery of the mixing zone 132 in 
the discharge zone to cause additional contact between the 
particles 112, 116 and gas bubbles 128 in the discharge 
zone to further enhance the separation of hydrophobic 
25 particles 116 from hydrophilic particles 112. 

In an alternative enbodiaent, a .portion 14 of the feed 
10 is introduced into the vessel 100 at the subfroth 144. 
In this embodiment, the flotation cell preferably has the 
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nozzles 140 located In the discharge zone below the 
subfroth 144 to inject additional gas 124 into the aerated 
slurry 104. The feed portion 14 is typically not aerated 

before contact with the subfroth 144. 

5 The operation of the flotation cell will now be 

described. The feed 10 is transported by the pump 92 to 
the eductor 96. In the eductor 96 , the gas 124 is contacted 
with the feed 10 to form the aerated slurry 104. It is 
believed that the gas 124 is present in the aerated slurry 
10 104 as a plurality of gas bubbles 128. 

From the eductor 96, the aerated slurry 104 is 
discharged into the mixing zone 132 where the gas bubbles 
128 rise upward through the aerated slurry 104 and contact 
the hydrophobic particles 116. The hydrophobic particles 
15 116 attach to the bubbles 128 and are carried first into 
the subfroth 144 and second into the froth 148. 

The subfroth 144 is the area in the vessel 100 in 
which the hydrophobic and hydrophilic particles 116, 112 
are discharged from the conduit 108. The subfroth region 
20 underlies substantially all, and more typically all, of the 
froth region. While not wishing to be bound by any theory, 
it is believed that the subfroth 144 is an active area in 
which there is a high degree of movement of the hydrophobic 
and hydrophilic particles 116, 112 and the bubbles 128. 
25 The movement further facilitates the attachment of the 
hydrophobic particles 116 to the gas bubbles 128. It is 
preferred that the majority and more preferably all of the 
hydrophobic and hydrophilic particles 116, 112 in the 
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aerated slurry 104 ba discharged into the subfroth 144. 
This ensures that a greater amount of the hydrophobic 
particles are carried into the froth 148 compared to 
existing flotation devices. Preferably, no less than about 
90% , more preferably no less than about 95%/ and Host 
preferably no less than about 97.5% of the hydrophobic 
Particles are contacted with the subfroth 144. 

The rate of discharge of the aerated slurry 104 into 
the subfroth 144 is an important contributor to the 
flotation efficiency of the column. As will be appreciated, 
the discharge rate depends upon the diameter of the conduit 
. 108. 

The subfroth 144 typically has a volumetric percentage " 
of gas 124 to slurry ranging from about 35 to about 65%, 
more preferably from about 40 to about 60%, and most 
preferably from about 45 to about 60%. The slurry in the 
subfroth typically contains from about 20 to about 35% by 
weight solids. This is considerably more gas than is 
present in existing cells below the froth. Such cells 
typically contain no more than about 20% gas in the slurry 
located below the froth . 

From the subfroth 144, the gas bubbles 128 and 
attached hydrophobic particles lie pass upwards into the 
froth 148. In contrast to the subfroth 144, the froth 148 
is a relatively quiescent volume of aerated slurry 104. In 
the froth. 148, the volumetric percentage of gas 124 to 
slurry ranges from more than about 70 to about 85%. The 
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hydrophobic particles 116 arc removed with the fr th 148 to 
form a concentrate fraction 152. 

From the subfroth 144, the hydrophilic particles and 
a small fraction of the hydrophobic particles in the 
5 aerated slurry 104 that are not carried upward into the 
froth pass into the discharge zone 13 6. The hydrophilic 
particles 112 and remaining hydrophobic particles 116 that 
are not attached to a gas bubble 128 move downward towards 
the bottom of the vessel 100, Gas bubbles 128 from the 

10 nozzles 140 contact additional hydrophobic particles 116 
and transport the hydrophobic particles 116 upWard first 
into the subfroth 144 and second into the froth 148. 

The hydrophilic particles 112 are discharged at the 
bottom of the vessel 100 to form a tailings fraction 156. 

15 The tailings fraction 156 is removed for additional 
treatment, such as in another flotation vessel, or for 
disposal. 

The flotation cell of the present invention is 
characterized by high recoveries of hydrophobic particles. 
20 Typically, the froth will contain no less than about ^85, 
more preferably no less than about 90, and most preferably 
no less than about 95% of the hydrophobic particles in the 
feed 10. 

An embodiment of a mechanical flotation cell according 
25 to the present invention is depicted in Figs. 11 and 12 . 
Unlike the flotation column, the mechanical flotation cell 
has a stator to provide mechanical agitation and mixing of 
the particles, water and gas. 
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In operation, the stator 156 creates a suction in the 
nixing zone 132 that draws the feed 10 and gas' 124 into the 
nixing zone 132. The stator 156 further creates turbulence 
in the nixing zone 132 to cause interaction between the gas 
bubbles 128 and hydrophobic particles 116. Unlike the 
prior embodiment, the gas bubbles 128 and feed lO are first 
contacted in the miking zone 132 in the flotation cell 
rather than upstream of the cell. 

Referring to Fig. n, the feed 10 is fed through a 
first conduit 160 into the mixing zone 132 in the conduit 
108. Gas 124 is injected into the mixing zone 132 through 
a shaft 200. The stator 156 in the mixing zone 132 induces 
turbulence in the feed lO to form the aerated slurry 104 
and induce contact between the hydrophobic particles 116 
and gas bubbles 128. 

The stator 156 rotates about the shaft 200 and forces 
the aerated slurry 104 upward in the mixing zone 132 
through the upper outlet of the conduit 108 and into the 
subfroth 144. Hydrophobic particles lie attached to gas 
bubbles 128 rise from the subfroth 144 into the froth 148 
for recovery as the concentrate fraction 152. 

Hydrophilic particles 112 move downward from the 
subfroth 144 into discharge zone 13 6 and are collected and 
discharged from the bottom of the vessel 100 as the' 
tailings fraction 156. 

The preferred dimensions of the flotation column of 
Pigs. 9 and 10 and the mechanical flotation cell of Pigs. 
11 and 12 can differ significantly. Unlike the mechanical 
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cell, the flotation column is substantially free of 
mechanical agitation or nixing and relies upon the flow of 
compressed air through the cell for agitation and 
flotation. Compared to the mechanical flotation cell, the 
5 column cell has a lower power input, typically no more than 
about 0.01 hp/cubic foot of vessel volume (for the 
compressor) compared to a power input for the mechanical 
flotation cell ranging from about 0.03 to about 0.10 
hp/cubic foot of vessel volume (for the mechanical agitator 

10 and/ or compressor). Both the flotation column and 
mechanical cell have a gas input typically ranging from 
about 3 to about 5 cubic feet of gas /square foot of vessel 
area. Because of the lower power input of the flotation 
column, the column requires a longer residence time in the 

15 mixing zone and subfroth than the mechanical flotation cell 
to realize adequate particle/ bubble contact and therefore 
acceptable recoveries. Thus, the mechanical agitation in 
the mechanical cell significantly enhances particle-to- 
bubble contact in the mixing zone, and, as a result, 

20 particles in the flotation column are generally slower 
floating than in the mechanical cell. To provide adequate 
column capacity, the mixing zone in the column is generally 
a larger portion of the total vessel volume than the mixing 
zone of the mechanical cell. 

15 The flotation column will typically have a higher 

height-to-diameter ratio than the mechanical cell. The 
flotation column, for example, typically has a height-to- 
diameter ratio that is more than about 4:1 while the ratio 
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for the mechanical cell typically is no more than about 
1.5:1. Typical dimensions for the column cell are a height 
ranging from about 25 to about 40 feet and a width of 
around 10 feet and for the mechanical cell a height of 
around 10 feet and a width of around 15 feet. 

Based on the foregoing, the preferred relative 
dimensions of the mechanical cell can significantly differ 
from the preferred relative dimensions of the flotation 
column set forth above. By way of example for the 
mechanical cell, the mixing zone 132 preferably has a 
cross-sectional area normal to the direction of flow that 
is from about 15 to about 3t> and more preferably from about 
15 to about 25% of the total cross-sectional area of the 
vessel 100 normal to the direction of flow. The width of 
the mixing zone 132 preferably ranges from about 20 to 
about 60, more preferably from about 3 0 to about 55, and 
most preferably from about 3 0 to about 45% of the vessel 
width. The height of the mixing zone is preferably 
sufficient to provide a total residence time of the aerated 
slurry in the mixing zone and subfroth region that ranges 
from about 0.5 to about 2.5, more preferably from about 0.5 
to about 2.0, and most preferably from about 0.5 to about 
1.5 minutes. The height of the conduit 108 above the vessel 
bottom typically ranges from about 60 to about 90, more 
preferably from about 65 to about 85, and most preferably 
from about 70 to about 80% of the total distance from; the 
vessel bottom to the top of the froth. The height of the 
subfroth region preferably ranges from about 5 to about 2 0 
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and more prefer ably from about 10 t about 15* of the total 
distance from the vessel bottom to the top of the froth, 
and the height of the froth preferably ranges from about 
2.5 to about 15% of the total distance from the vessel 
5 bottom to the top of the froth. The volume of the mixing 
zone preferably ranges from about 10 to about 30 and more 
preferably from about 15 to about 25% of the total vessel 
volume. 

In the mechanical cell, it is important that the 
10 clearance between the stator 156 (which is attached to the 
vessel bottom by means of legs 210) and the interior wall 
of the conduit 108 be maintained to a relatively small 
distance. Preferably, the clearance between the end or 
outer perimeter of the stator and the interior conduit wall 
15 ranges from about 5 to about 35, more preferably from about 
10 to about 30, and most preferably from about 15 to about 
25% of the stator diameter. 

Because of the increased bubble-to-particle contact of 
the flotation device of the present invention relative to 
20 existing flotation devices, the flotation device of the 
present invention can have a number of advantages relative 
to existing flotation devices. The device of the present 
invention can have relatively high recoveries of 
hydrophobic particles compared to existing devices. The 
25 high recoveries can reduce or entirely eliminate the need 
for a number of devices connected in series to yield 
acceptable recoveries. As will be appreciated, this is a 
common practice in the art. The device of the present 
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invention can float particles, especially slower fi ating 
particles, at higher rates than existing devices. m 
existing devices, such particles generally are discarded as 
- tailings thereby reducing metal recoveries . in contrast , 
the device of the present invention can float such 
particles relatively quickly. The subject device typically 
requires less time to achieve acceptable recoveries of 
hydrophobic particles than existing devices. Accordingly, 
a given device of the present invention can have a higher 
throughput than existing devices of the same size. 



15 



OXIDATIVE LEACHING EXAMPLES 
Before discussing the various tests, it is convenient 
to divide the samples in the tests according to the types 
of material in each sample. These include, but are not 
limited to, the following: 

1) Samples 1, 2 and 3 are non-selective concentrate 
fractions from selective flotation tailings as illustrated 
in Fig. 8. 

20 2) Sa30 Ple 4 is a non-selective flotation concentrate . 

fraction from an ore feed as illustrated in Fig. 2. 

3) Sample 5 is a selective cleaner flotation 
concentrate fraction as illustrated in Fig. 8. 

4) Sample 6 is a selective cleaner flotation 
concentrate tailings fraction as illustrated in Fig. 8. 

As indicated above, oxidative leaching can be carried ' 
out either with a ferric sulfate additive to a leach 
solution containing a suitable acid or else with a sulphur 
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dioxide additive to a leach 6 lution containing annonia. 
In both cases, aeration is used along with intensive 
agitation such as is provided by flotation cells. 

Kith the ferric sulfate additive, concentrations of 
ferric ion are in the range of 8-15 gas/liter and the acid 
component in the range of 3 0-60 gms/ liter. Although the 
tests cit£d were carried out at 90°C # a temperature of 50°C 
also gave acceptable results. Leach tines were in the 
range of 2-4 hrs. 

Concentrations of the sulphur dioxide reagents were at 
5.3 and 5.4 weight percent; temperatures and pressure were 
ambient; and leach times from 2 to 4 hours. The results are 
presented in Table 1 below. 

TABLE 1 

Sample Assays Extraction Conditions 

No. % Cu % Cu Time Temp. Reagents 

gm/L 



Feefl Residue hrs »c Ferric 



Acid 
















1 


1.56 


0.12 


93.5 


2 


90 


7.9 




47.1 
















2 


4.40 


0.38 


93.2 


4* 


90 


8.7 




63.3 
















* Leaching nearly complete in 2 


hrs. 








3 


2.01 


0.33 


85.8 


3 


90 


7.9 




47.1 
















4 


7.05 


0.89 


91.6 


2 


90 


15.2 




49. 6 
















4 


7.05 


0.84 


89.8 


2 


90 


9.9 




32.6 
















4 


7.8 


1.74 


82.9 


2 


25 


5.3 


54 


5 


30.7 


2. 02 


96.1 


3 


25 


5.3 


54 


5 


30.7 


2.04 


95.5 


2 


25 


5.3 


54 


6 


1.01 


0.069 


93.4 


4 


25 


5.3 


54 
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FLOTATION CEIX EXAMPLES 
Tests were conducted in the flotation cell of Pigs. 9 
and 10 under selective flotation conditions using a 
porphyry copper ore feed, having a typical size distribution 
for selective flotation and an assay of 0.37% copper. The 
results are presented below in Table 2. 



10 



TABLE 2 

COMPARISON OP FLOTATION CELLS 



15 



20 



25 



30 



35 



Conventional 
Flotation 
Cell leuft 
vol. and 10kg 
feed 



Conventional 
Flotation 
Cell 4L vol. 
and lkq feed 



Present 
Invention 
7.5L vol* and 
lkg feed . 



Present 
Invention 
7.5L vol. and 
2kg feed 



PRODUCT 



Con. 1 



Con. 2 



Con. 



Con. 



Tailings 



Concentrate 



Tailings 



Con. 



Con . 2 



Tailings 



Con. 1 



Con. 



Tailings 



PLOT. 
TIME 



0.5 
min 



0.5 



2.0 



3.0 



2.0 



1.0 



ASSAYS % 



23.5 



18.5 



9.2 



2.8 



0.08 



17.9 



0.08 



23.8 



2.0 



1.0 



2.0 



1.8 



0.014 



DISTR, 
% 



42.0 



20.8 



6.0 



11.7 



19.5 



79.0 



18.1 



9.1 



0.008 



21.0 



86.4 



9.8 



3.8 



88.6 



9.3- 



2.1 



DISTR. 
COMUL % 



42.0 



62.8 



68.8 



79.5 



100.0 



79. 0 



100. O 



86.4 



96.2 



100.0 



88.6 



97.9 



100.0 



SUBSTITUTE SHEET (RULE 26) 
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As can be seen in Table 2, the flotation cell of the 
present invention recovered significantly sore chopper in 
the concentrate fraction and lost significantly less copper 
in the tailings fraction than the conventional flotation 
5 cells. 

Tests were conducted in the flotation cell in Pig, n 
under non-selective flotation conditions using a porphyry 
copper ore tailings fraction as feed. The results are 
presented below in Tables 3 and 4. 



TABLE 3 
CONVENTIONAL FLOTATION CELL 





TEST 


TAIL 


CONC. 


RECOVERIES 


15 


N 0f 




£Fe 


iCu 


%Fe 


%wt. 


%Cu 




1 


0.028 


1-2 


0.65 


13.4 


4.34 


51.3 




2 


0.023 


1.0 


0.42 


9.9 


6.05 


54.1 




3 


0.035 


1.3 


0.36 


14.2 


12 . 00 : 


50.3 




4 


0.034 


1.2 


0.48 


13.2 


8.97 


58.2 


20 


5 • 


0. 038 


1.2 


0.44 


11.8 


8.96 


53.3 




6 


0. 029 


1.2 


0.48 


.13.4 


5.76 


50.3 




7 


0. 040 


1.1 


0.45 


12.6 


3.66 


30.0 




8 


0.029 


1.1 


0.59 


13.4 


4.63 


49.7 




9 


0. 019 


1.3 


0.37 


4.9 


6.55 


57.7 


25 


1°- 


0. 019 


1.3 


0.34 


4.7 


7.01 


56.8 




11 


0.023 


1.3 


0.48 


6.5 


1.75 


27.1 




12 


0,020 


1.3 


0.60 


7.4 


1.90 


36.8 



Average Concentrate Grade 0.47% Cu; Cu Recovery 48.0% 
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FLOTATION CELL OF PRESENT INVENTION 

TEST TAIE CONC. RECOVERIE S 

4£U IZS 4CU 1££ »cu 

5 1 0.026 1.1 0.60 8.5 13.57 79.3 

2 0.023 1.1 O.90 9.5 9.12 79.7 

3 0.034 1.2 1.10 7.5 6.47 69.1 

4 0.036 1.1 1.60 9.3 5.37 71.6 

5 0.043 1.3 3.30 10.9 1.84. 59.0 
10 € 0.028 1.2 3.20 10.7 2.36 73.3 

7 0.043 1.3 1.80 7.3 3.14 54.9 

. 8 0.039 1.3 2.50 10.2 2.60 63.1 

9 0.023 1.2 2.00 9.1 2.63 70.1 

10 0.033 1.3 2.00 9.2 3.56 69.1 

15 H 0.017 1.3 0.74 9.4 3.46 71.0 

12 0.015 1.2 0.72 9.3 2.98 59.6 

13 0.02O 1.3 1.00 8.5 2.65 63.1 

14 0.013 1.2 0.48 4.9 3.05 72.6 



20 



Average Concentrate Grade 1.57% Cu; Cu Recovery 68.3% 



As can be seen from Table 4, the flotation cell of the 
present invention recovered significantly more copper in 
the concentrate fraction and had significantly less copper 
25 in the tailings fraction than the conventional flotation 
cell. 

Further tests were conducted under selective flotation 
conditions to compare the embodiment of flotation cell in 
Fig. 11 against a conventional flotation cell on a porphyry 
copper ore. The results are presented below in Table 5. 



30 
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TABLE 5 

Flotation Recoveries - Percent: 

riptpatjpn Tfape Conventional Present 

MiimtgP Flotation Ce» Invention 

5 2 49.2 60.6 

4 53.5 67.4 

6 57.8 74.4 

10 62.2 81. 7 

14 66.7 89.2 

10 

This test further demonstrates the superior 
performance of the flotation cell of the present invention 
compared to a conventional flotation cell. 

While various embodiments of the present invention 

15 have been described in detail , it is apparent that 
modifications and adaptations of those embodiments will 
occur to those skilled in the art. However, it is to be 
expressly understood that such modifications and 
adaptations are within the scope of the present invention, 

20 as set forth in the following claims. 
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What is claimed is: 

1. A flotation device, comprising: 

(a) a flotation vessel; 

(b) an input into said vessel for a liquid 
feedstream containing particles; 

(c) a first output from said vessel for a 
treated feedstream; 

<d) a second output from said vessel for a 
product stream; 

(e) means for contacting said liquid feedstream 
with a gas in communication with said input to form a 
plurality of bubbles in said liquid feedstream; and 

(f ) means for confining said liquid feedstream 
in a mixing zone located within said flotation vessel, said 
confining means communicating with said input and said 
contacting means to cause said particles to contact said 
bubbles in said mixing zone thereby forming a gas- 
containing liquid feedstream, 

wherein said confining means discharges 
substantially all of said gas-containing liquid feedstream 
into a subf roth region of said vessel at a point below said 
froth, said subf roth region having no less than about 35% 
by volume gas. 

2. The flotation device, as claimed in Claim 1, 
wherein said contacting means communicates with said input 
upstream of said flotation vessel. 
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3. The flotation device, as claimed in Claim l, 
wherein said input comprises neana for pumping said liquid 
feedstream into said flotation vessel. 

4. The flotation device, as claimed in Claim 1, 
wherein said flotation vessel is substantially free of 
mechanical agitation and said confining means has a cross- 
sectional area normal to the direction of flow of said 
liquid feedstream that is from ahout 20 to about 45% of the 
cross-sectional area of said vessel. 

5. The flotation device, as claimed in Claim 1, 
wherein said flotation vessel is substantially free of 
mechanical agitation and said confining means has a width 
that ranges from about 20 to about 65% of the width of said 
flotation vessel* 

6. The flotation device, as claimed in Claim 1, 
wherein said confining means has a height above the bottom 
of said flotation vessel ranging from about 60 to about 80% 
of the distance from said bottom to the top of said froth, 

7. The flotation device, as claimed in Claim. 1, 
wherein the volume of said confining means ranges from 
about 1 to about 3 0% of the total vessel volume. 

The flotation device, as claimed in Claim 1, 
wherein said contacting means comprises a stator means for 
dispersing said gas in said feedstream and said confining 
means has a cross-sectional area normal to the direction of 
flow of said liquid feedstream in said confining means 
ranging from about 15 to about 3 0% of the total cross- 
sectional area of said vessel. 
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9. The flotation device, as claimed in Claim 8, 
wherein said confining means has a width ranging from about 
20 to about 55% of the width of said vessel. 

10. The flotation device, as claimed in claim a, 
wherein the outer perimeter of said stator means and said 
confining means are separated by a distance and said 
distance ranges from about 5 to about 30% of the diameter 
of said stator means. 

11. The flotation device, as claimed in Claim l, 
wherein the height of said subfroth ranges from about 5 to 
about 35% of the total distance between the bottom of said 
vessel and the top of said froth. 

12. The flotation device, as claimed in Claim l, 
wherein the height of said froth ranges from about 2.5 to 
about 20% of the total distance between the bottom of said 
vessel and the top of said froth. 

13. A flotation process, comprising: 

(a) contacting a liquid feedstream containing 
hydrophilic and hydrophobic particles with a gas in a 
mixing zone to form a gas-containing liguid feedstream; 

(b) discharging said gas-containing liguid feedstream 
into a portion of said flotation vessel; 

(c) first introducing a first portion of said gas- 
containing liguid feedstream into a subfroth region in said 
flotation vessel, wherein said subfroth region contains 
from about 35 to about 65% by volume gas; 

(d) second introducing a second portion of said gas- 
containing liguid feedstream into a froth region in said 
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£1 tation vessel, wherein said froth region contains no 
less than about 70% by volume gas; and 

(e) separating said troth from said subfroth to form 
a product stream. 
5 14. The process as claimed in Claim 13, wherein said 

hydrophobic particles comprise a metal and in said first 
introducing step said gas-containing iiquid feedstrean 
comprises a collector selected from the group consisting of 
an xanthate, xanthate ester, and mixtures thereof and has 
10 a pH from about pH 7.5 to about pH 10*5. 

15. The process as claimed in Claim 13 , wherein said 
gas— containing liquid feedstream comprises from about 25 to 
about 35% by volume gas. 

16 . The process as claimed in Claim ±3 , wherein said 
15 froth region contains from about 70 to about 80% by volume 
gas. 

17. The process as claimed in Claim 13, wherein said 

first portion constitutes no less than about 85% of said 

gas-containing liquid feedstream. 
20 18. The process as claimed in Claim 13, wherein said 

hydrophilic and hydrophobic particles have a total 

residence time in said mixing zone and said subfroth region 

ranging from about 0.5 to about 5 minutes . 

19. The process as claimed in Claim 13 , wherein said 
25 vessel comprises a discharge zone below said subfroth 

region and said discharge zone contains no more than about 

15% by volume gas. 
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20- The process as claimed in Claim 13, wherein said 
contacting step occurs in a second portion of said 
flotation vessel. 

21. The process as claimed in Claim 14, wherein the 
collector has a concentration ranging from about 0.02 to 
about 0.15 lbs/ ton of said metal-containing material. 

22. The process as claimed in claim 14, wherein the 
pH ranges from about pH 8.5 to about pH 10.5. 

23. The process as claimed in claim 13, wherein said 
metal is copper and further comprising: 

(f ) contacting a portion of said product stream with 
a leach solution in the presence of oxygen, said leach 
solution comprising ammonia and ammonium sulfite, wherein 
the concentration of ammonium sulfite in said leach 
solution ranges from about 5 to about 50 g/1; 

(g) agitating said leach solution at a temperature 
ranging from about 20 to about 40«c, a P H ranging from 
about pH 9 to about pH 10, and for a time sufficient to 
solubilize a substantial portion of the copper; and 

(i) recovering the copper from the leach solution. 

24. A process for the recovery of copper from a 
copper-containing material, comprising the steps of: 

(a) non-selectively floating the copper-containing 
material in the presence of a collector selected from the 
group consisting of an xanthate , xanthate ester, and 
mixtures thereof and at a pH from about pH 7.5 to about pH 
10.5 to form a non-selective flotation tailings fraction 
and a non-selective flotation concentrate fraction; and 
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(b) rec vexing the copper from the non-selective 
flotation concentrate fraction* 

25. The process, as claimed in Claim 24, wherein the 
recovering step comprises the steps of: 
5 (c) contacting a substantial portion of the non- 

selective flotation concentrate fraction with a leach 
solution to solubilize the copper contained in the 
fraction; and 

(d) recovering the copper from the leach solution. 
10 26. The process, as claimed in Claim 24, wherein the 

recovering step comprises the steps of: 

(c) contacting a substantial portion of the non- 
selective flotation concentrate ; fraction with a leach 
solution; 

15 (d) agitating the leach solution at a temperature and 

for a time sufficient to solubilize a substantial portion 
of the copper ; and 

(e) recovering the copper from the leach solution. 

27. The process, as claimed in Claim 24, wherein the 
20 non-selective flotation concentrate fraction contains from 

about 2 to about 10% copper. 

28. The process as claimed in Claim 24, wherein the 
non-selective flotation concentrate fraction contains no 
less than about 15* by weight of the sulfides other than 

25 copper sulfides. 

29. The process as claimed in Claim 24, wherein the 
non-selective flotation concentrate fraction contains at 
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least about 50* by weight f the sulfide mineral, in the 
copper-containing material. 

30- The process as claimed in claim 24, wherein the 
non-selective flotation concentrate fraction contains at 
least about 90% by weight of the sulfide minerals other 
than copper sulfide minerals in the copper-containing 
material ... 

31. The process, as claimed in Claim 26, further 
comprising the steps of: 

(f) passing an oxygen-containing gas through the 
leach solution during the agitating step to oxidize a 
portion of the copper sulfides in the non-selective 
flotation concentrate fraction. 

32. The process, as claimed in Claim 24, wherein the 
collector has a concentration in the floating step ranging 
from about 0.02 to about 0.15 lbs/ton of copper-containing 
material. 

33. The process, as claimed in Claim 24, wherein the 
collector has an alkyl group with no less than about 4 
carbon atoms in the alky 1 group. 

34. The process, as claimed in Claim 33, wherein the 
collector is selected from the group consisting of amyl 
xanthate, hexyl xanthate, esters thereof, and mixtures 
thereof . 

35. The process, as claimed in Claim 24, wherein the 
floating step comprises contacting the copper-containing 
material with an inert oil to increase the hydrophobicity 
of the collector. 
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36. The process, as claimed in Claim 24, wherein the 
pH in the floating step is in the range from about pH 8.5 
to about pH 10.5. 

37. The process, as claimed in Claim 24, wherein the 
5 copper-containing material comprises sulfides other than 

copper sulfides; and 

in the floating step at least about 50* by weight of 
the sulfides other than copper sulfides is in the 
concentrate fraction. 
10 38* The process, as claimed in Claim 24 , wherein the 

copper-containing material comprises sulfides; and 

in the floating step at least about 75% by weight of 
the sulfides are in the non-selective flotation concentrate 
fraction. 

15 -39. The process, as claimed in Claim 24, wherein the 

non-selective flotation concentrate fraction. 

40. The process, as claimed in Claim 24, wherein the 

non-selective flotation concentrate fraction has no more 

than about 10% copper by weight. 
20 41. The process, as claimed in Claim 26, wherein the 

leach solution comprises sulfuric acid as a leaching agent; 

and 

42. The process, as claimed in Claim 26, wherein: 
the leach solution comprises sulfuric acid as a 
25 leaching agent; and 

the leach solution comprises ferric sulfate to oxidize 
copper sulfides in the copper-containing material. 
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43. The process, as claimed in Claim 26, wherein the 
leach solution conpriaes a leaching agent; 

the leaching agent is an aqueous solution of ammonia 
and ammonium salts; and 
5 the leach solution comprises sulfite to oxidize copper 

sulfides in the copper-containing material. 

44. The process, as claimed in Claim 43 f wherein the 
concentration of the sulfite in the leach solution is in 
the range from about 50 to about 100 g/1. 

10 45. The process, as claimed in Claim 43, wherein 

during the agitating step, the leach solution has a pH 
ranging from about pH 9 to about pH 10. 

46. The process, as claimed in Claim 43, wherein 
during the agitating step, the temperature of the leach 

15 solution is in the range from about 20 to about 40°C. 

47. The process, as claimed in Claim 43, wherein the 
leach solution comprises ammonium sulfate into ammonium and 
water; and 

the recovering step comprises the steps of: 

(f ) passing an electric current between an anode and 
a cathode in the leach solution; 

(g) converting the ammonium sulfate into ammonium and 
sulfate ions; 

(h) separating the ammonium ions from the sulfate 

25 ions; 

(i) forming at the cathode oxygen gas and 
hydrosulfuric acid; and 

(j) forming at the anode hydrogen gas and ammonia. 



20 
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48. The process, as claimed in Claim 24, further 
comprising the step of: . 

(c) selectively floating a portion of the non- 
selective flotation concentrate fraction to font a 
5 selective flotation concentrate fraction and selective 
flotation tailings fraction, wherein a portion of the non- 
selective flotation concentrate fraction treated in the 
recovering step is the selective flotation tailings 
fraction, 

10 49. The process, as claimed in Claim 24, further 

comprising the step of: 

(c) leaching the copper- containing material to form 
a leaching solution and a leaching residue, wherein a 
portion of the copper -containing material treated in the 
15 non-selective floating step is the leaching residue. 

SO. A process for the recovery of copper from copper- 
containing material, comprising the steps of: 

(a) selectively floating the copper-containing 
material to form a selective rougher flotation concentrate 

20 fraction and a selective rougher flotation tailings 
fraction ; 

(b) selectively floating a portion of the selective 
rougher flotation concentrate fraction to form a selective 
cleaner flotation concentrate fraction and selective 

25 cleaner flotation tailings fraction; 

(c) non-selectively floating a portion of the 
selective rougher flotation tailings fraction in the 
presence of a collector selected from the group consisting 
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of an xanthate, xanthate esters, and mixtures thereof, and 
at a pH ranging fro. about pH 7.5 to about pH 10.5 to form 
a non-selective flotation concentrate fraction and a non- 
selective flotation tailings fraction; and 
5 (d) recovering the copper contained in the selective 

cleaner and non-selective flotation concentrate fractions 
and the selective cleaner flotation tailings fraction. 

51. The process, as claimed in Claim 50, wherein the 
recovering step comprises the steps of: 
10 (a) contacting a portion of the selective cleaner 

flotation tailings and non-selective flotation concentrate 
fractions with a leach solution; 

(b) agitating the leach solution at a temperature and 
for a time sufficient to solubilize the copper in the 
selective cleaner flotation tailings and non-selective 
flotation concentrate fractions ; and 

(c) recovering the copper from the leach solution. 
52. The process, as claimed in Claim 50, wherein the 

recovering step comprises the steps of: 
2? (a) contacting a portion of the non-selective 

flotation concentrate fraction and selective cleaner 
flotation tailings fraction with a leach solution to 
solubilize the copper contained in the factions; and 
(b) recovering copper from the leach solution. 



15 
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' 53. The process, as claimed in Claim 50, wherein the 
recovering step comprises the step of: 

(a) calcining a portion of the non-selective 
flotation concentrate fraction and selective cleaner 
5 flotation tailings fraction. 

54. A copper process for the recovery of copper from 
a copper-containing material containing variable 
proportions of copper oxide and sulfide minerals, 
comprising the steps of: 

10 (a) determining the relative proportion of copper 

oxide and sulfide minerals in the copper- containing 
material; 

(to) determining the texture of the copper-containing 
material ; 

15 (cj floating copper-containing material when a 

majority of the copper mineralization is copper sulfide to 
form a concentrate fraction, wherein for copper-containing 
materials having a coarse texture, the floating step 
comprises selective floating and for copper-containing 

20 material having a very fine texture, the floating step 
comprises non-selective floating; and 

(d) leaching copper-containing material when a 
majority of the copper mineralization is copper oxide. 

55. The process, as claimed in Claim 54, further 
25 comprising the steps of: 

(e) calcining a portion of the concentrate fraction, 
when the copper sulfide mineralization is predominantly 
chalcopyr ite ; and 
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(f ) oxidatively leaching a p rtion of the concentrate 
fraction when the copper sulfide mineralization is 
predominantly chalcocite. 

56. The process, as claimed in dais 54 , further 
5 comprising the steps of: 

(d) non-selectively floating the copper containing 
material after the leaching step. 
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